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CASE REPORT

Scapular renal cell carcinoma metastasis 
as a cause of high‑output heart failure: a case 
report
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Abstract 

Background:  High-output heart failure is a rare condition that occurs when the heart is unable to respond to a 
sustained increase in blood demand. On echocardiography, a cardiac index of > 4 L/min/m2 (or 6 L/min) is a clear 
indicator of this disorder. The causes of high-output heart failure vary, but they all involve peripheral vasodilation or 
arteriovenous shunting. Renal cell carcinoma is well known for producing high levels of angiogenic growth factors 
that induce arteriovenous shunts. The decrease in peripheral arterial resistance and the increase in venous return 
result in a permanent high cardiac output, followed by congestive heart failure. Single bone metastases of renal clear 
cell carcinoma tumours causing high cardiac output and heart failure symptoms have been reported less than ten 
times in the medical literature.

Case presentation:  Before a right-shoulder painful lump with a murmur when auscultated, magnetic resonance 
imaging revealed a large scapular mass, which was biopsied and found to be a bone metastasis of renal cell car‑
cinoma. Two months later, the patient developed heart failure for the first time. There was no evidence of cardiac 
disease on echocardiography. The cardiac output was 9.8 L/min and the cardiac index was 5.1 L/min/m2. Doppler 
ultrasound revealed numerous arteriovenous shunts in the large scapular metastasis and a right axillary artery flow 
of 24% of cardiac output. Sustained lower cardiac output was obtained following lesion-focused radiotherapy and 
systemic antiangiogenic treatment with axitinib and pembrolizumab.

Conclusions:  Herein, we present a unique case of high-output heart failure in a 70-year-old man diagnosed by 
echocardiography and upper-limb Doppler ultrasound in the context of metastatic renal cell carcinoma without 
pre-existing cardiac disease. We stress the potentially life-threatening hemodynamic consequences of hypervascular‑
ity associated with arteriovenous shunts within a single metastatic renal cell carcinoma implant, the importance of 
auscultating any progressing bone mass, and the utility of non-invasive Doppler ultrasound assessment in this setting.
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Background
Chronic heart failure (HF) is a condition in which the 
heart is unable to satisfy the body’s demand for blood. 
The most common form, categorized as HF with reduced 
ejection fraction or HF with preserved ejection fraction, 
is heart disease resulting in low cardiac output while 
blood demand remains normal. On the contrary, high-
output HF occurs when the heart is unable to respond 
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to a sustained increase in blood demand, irrespective of 
pre-existing heart disease. After a period of compensa-
tion by increasing heart rate and ejection volume, clinical 
signs of cardiac overload may appear. It is a relatively rare 
disorder, accounting for less than 1% of patients present-
ing clinical symptoms of HF [1, 2]. No specific therapeu-
tic recommendations exist except for diuretics, and the 
treatment of the underlying condition generally takes 
precedence. The diagnosis should be suspected anytime 
the cardiac index is > 4 L/min/m2 on echocardiography 
(TTE) [1]. While a wide range of circumstances can result 
in high-output HF, the pathologic mechanism always 
implies peripheral vasodilation (obesity, thyrotoxicosis, 
chronic anaemia, chronic obstructive pulmonary disease) 
or arterio-venous shunting (acquired arteriovenous fis-
tula, arteriovenous malformations, multiple myeloma) 
[1, 2]. Since 1953, there have been about forty reports of 
congestive HF caused by intra-tumour vascular shunts 
in the context of renal primitive cancer [3, 4]. In renal 
cell carcinoma (RCC), the von Hippel-Lindau tumor 
suppressor gene is silenced, causing hypoxia-inducible 
transcription factors to activate and the production of 
proangiogenic growth factors like vascular endothelial 
growth factor [5, 6]. As a result, vascular chambers can 
form inside the tumor, connecting arteries and veins and 
causing blood shunts from arterial to venous circula-
tion. Metastatic implants of RCC also contain shunts [6]. 
Multitargeted tyrosine kinase inhibitors (TKI), designed 
to inhibit vascular endothelial growth factor receptor, 
have been developed as a systemic treatment for meta-
static renal cell carcinoma (mRCC). Yet, only six cases of 
patients presenting symptoms of HF imputable to shunts 
in a single bone metastasis of RCC have been reported 
[7–12]. Here we present an episode of HF in a 70-year-
old man due to massive arteriovenous shunts in a large 
scapula metastasis two months after the diagnosis of 
mRCC. Clinical examination, echocardiographic data, 
and Doppler ultrasound (US) evaluation of the upper 
limb vessels and the right scapular mass were used to 
establish the diagnosis. Written informed consent was 
obtained from the patient before this text was prepared.

Case presentation
The patient consulted his general practitioner about a 
large, painful lump, loss of motor function in the right 
shoulder, and asthenia. Auscultation of the mass revealed 
a continuous murmur. The medical history included 
hypertension, type-2 diabetes, and a transient ischemic 
attack four years previously. A thirteen-centimetre tis-
sue lesion with extensive osteolysis of the right scapula 
invading the soft tissue and the glenohumeral capsule 
was discovered using magnetic resonance imaging (MRI) 
(Fig. 1). Two microbiopsies of the scapular mass revealed 

a tumour proliferation of medium-sized, quadrangular 
cells with clear cytoplasm, typical of RCC. Positron emis-
sion tomography (PET) unveiled a large mass (measur-
ing 15*9*12 cm) involving the antero-inferior lobe of the 
right kidney, nodules of peritoneal carcinomatosis in the 
left paracolic gutter and near the spleen, a mass invad-
ing the left lateral pedicle of the sixth cervical vertebra, 
and the right scapular mass invading the shoulder girdle 
(Fig. 2). In line with the current recommendations [13], 

Fig. 1  Magnetic resonance imaging of the right scapular mass

Fig. 2  Positron emission tomography images of the right scapular 
mass
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the multidisciplinary consultation meeting validated 
a therapeutic strategy including radiotherapy focused 
on the right scapula and the spinal cord (twenty gray in 
thirteen sessions) as well as systemic treatment with axi-
tinib plus pembrolizumab. After initial destabilization, 
we were able to equilibrate the patient’s blood pressure 
(Fig. 3). However, six weeks later, the patient developed 
ankle swelling and fatigue while gaining ten kilograms 
within a few days. Ordinary activities were resulting 
in undue breathlessness, limiting the activities of daily 
life (class III of the New York Heart Association’s func-
tional classification). Self-blood pressure monitoring 
found daily systolic blood pressures between 130 and 
140  mmHg. Pulmonary crackles were bilaterally per-
ceived on pulmonary auscultation. The right scapular 
mass was still prominent and very painful (Fig. 4). Blood 

Fig. 3  Information from this case report organized into a timeline figure

Fig. 4  Clinical aspect of the right scapular mass
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and urinary tests showed normal serum albumin, nor-
mal creatinine levels, normal liver function tests, and 
no proteinuria. N-terminal pro-B-type natriuretic pep-
tides (NT-proBNP) were 665  ng/l and troponins were 
0.07  μg/L (normal: less than 0.6  μg/L). The electrocar-
diogram (ECG) was normal, with a heart rate of 91 bpm 
and a normal cardiac rhythm. A transthoracic echocar-
diogram (TTE) depicted a non-dilated, non-hypertrophic 
left ventricle with excellent overall and segmental kinet-
ics (Additional file  1: Video 1), an estimated ejection 
fraction of 60%, a dilated left atrium of 24 cm2, elevated 
left ventricular filling pressures, a dilated and non-com-
pliant inferior vena cava, and an estimated systolic pul-
monary artery pressure of 40–50  mmHg. The cardiac 
output was 9.8 L/min (normal range 4–6 L/min) and the 
cardiac index was 5.1 L/min/m2 (normal range 2.6–4 L/
min/m2) (Fig.  5). These findings were consistent with a 
state of high-output HF. Doppler US examination of the 
right scapular mass showed a well-delineated mass with 
a 14-cm long axis, containing numerous arteriovenous 
shunts predominantly in the upper-region of the lesion 
(Fig.  6). Spectral Doppler analysis of the arteries of the 
upper limbs was highly asymmetrical, given the systolic 
diastolic run-off and elevated velocities in the subcla-
vian artery and the axillar artery of the right upper limb. 
Furthermore, widened dorsal scapular and circumflex 

scapular arteries were seen at the axillobrachial junction, 
and the velocities within their lumen were very high. 
The Doppler velocity waveform was physiological in the 
downstream brachial artery and symmetrical to the left 
brachial artery. Right axillary artery flow was measured 
at 2.35 L/min at the middle of its course (Fig.  7), while 
proximal brachial artery flow was normal at 51 ml/min, 
suggesting a blood flow shunt of 2.3 L/min between the 
right axillary artery and the downstream brachial artery. 
Also, there was no arterialized flow in the right axillary 
vein, inferior vena cava, or right renal vein. Considering 
that right axillary artery flow accounted for 24% of car-
diac output, normal blood pressure, and the absence of 
any other identified cause, we attributed the condition of 
high-output HF-and subsequent cardiac overload-to the 
hypervascularity of the right scapular metastasis. Axi-
tinib was discontinued due to its potential cardiovascular 
adverse effects, and furosemide was introduced at a dose 
of 40 mg per day (Fig. 3). Ongoing diuretic treatment suc-
cessfully reduced breathlessness and peripheral oedema. 
The patient completed the thirteen planned radiotherapy 
sessions. A half-dose of axitinib was reintroduced three 
months after it was discontinued, and the dose of furo-
semide was reduced by half (Fig. 3). The patient reported 
feeling better, with no dyspnea, less pain, and improved 
motor function in the right arm. The pulmonary 

Fig. 5  Transthoracic echocardiogram image: cardiac output measured at 9.8 L/min in two-dimensional imaging (stroke volume multiplied by heart 
rate)
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auscultation returned to normal. The NT-proBNP level 
decreased to 411 ng/L. Additional Doppler US examina-
tion highlighted a right-arm axillary outflow estimated at 

1.40 L/min and a dramatically depressed diastolic com-
ponent. The mass was still 14  cm in diameter, but the 
arteriovenous shunts were reduced (Fig.  8). A second 

Fig. 6  Doppler ultrasound image of numerous arteriovenous shunts within the right scapular mass

Fig. 7  Systolo-diastolic Doppler velocity waveform in the right axillary artery with estimated flow of 2.35 L/min
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TTE showed normal left ventricular filling pressure with 
a measured cardiac output of 8.6 L/min and a cardiac 
index of 4.3 L/min/m2. The second PET revealed a signif-
icant reduction in right scapular hypermetabolism. Fif-
teen days later, the furosemide treatment was completely 
stopped. The symptoms of HF never recurred.

Discussion
25% of patients with RCC have metastases when they are 
first diagnosed [14]. Bone metastases are the second most 
common type [14], and the scapula is commonly involved 
[15]. In the few reported cases of high-output HF due 
to a single bone metastasis of RCC, the diagnosis was 
based on pathological analysis of a resection specimen 
[8], direct visualisation of arteriovenous fistulas by angio-
gram [10, 12], measurement of intracavitary pressures by 
direct cardiac catheterization [12], or through autopsy 
[7]. The treatment was always for the cause, consisting 
of resection of the mass [10, 11] or radiotherapy [9, 12]. 
In our case, interestingly, while cardiac output dropped 
by only 1.2 L after treatment, remaining above the physi-
ological norm, the NT-proBNP level returned to normal, 
and HF symptoms disappeared. In our opinion, immu-
notherapy’s antiangiogenic effects, combined with radio-
therapy, reduced scapular hypervascularization, lowering 
blood demand in the right upper limb and, mechanically, 
the cardiac output. As a result, the patient was able to 
return to a subclinical state of high cardiac output. TKI 

therapies emerged about twenty years ago and are now 
widely used in the treatment of mRCC. Cardiovascular 
complications, such as hypertension and left ventricular 
dysfunction, have been reported [16]. Axitinib-induced 
cardiopathy is either treatment-induced hypertensive 
heart disease, ischaemic cardiopathy due to antiangio-
genic effects on the coronary arteries, or immune-related 
myocardiopathy, with echocardiographic evidence of left 
ventricular dysfunction [17, 18]. In our report, clinical 
examination, MRI, and PET data, which were correlated 
with TTE and upper-limb Doppler US data, were used 
to make the diagnosis. Although the blood pressure was 
found to be uncontrolled for a few days two weeks after 
starting immunotherapy (grade II adverse effect), it rap-
idly ceased, self-measured blood pressure was strictly 
normal in the following weeks, and signs of HF appeared 
two weeks later (Fig.  3). During the episode of HF, 
both arms’ blood pressures were normal, the ECG was 
unchanged, there was no chest pain, troponins were neg-
ative, and ejection fraction was preserved on TTE with 
no argument for a heart disease. As a result, we believe 
that the imputability of axitinib is negligible. This episode 
of HF is all the more due to the hypervascularity of the 
scapular mass because, concomitantly to the complete 
clinical remission, Doppler US confirmed a reduction of 
the intra-tumoral arteriovenous shunts, and a one-litre 
decrease in right axillary flow correlated with a one-litre 
decrease in cardiac output on TTE. Doppler US not only 

Fig. 8  Doppler ultrasound image of the right scapular mass after thirteen sessions of lesion-focused radiotherapy showing less intra-metastatic 
arteriovenous shunts
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allowed the type and aetiology of HF to be determined, 
but it also allowed the effectiveness of treatment to be 
accurately and non-invasively monitored.

Conclusion
Given the potentially life-threatening hemodynamic 
consequences of hypervascularity associated with arte-
riovenous shunts within a metastasis of RCC, any rapidly 
growing skeletal mass requires prompt auscultation, and 
if a murmur is heard, kidney cancer should be consid-
ered. In this report, we detail a rare case of high-output 
HF secondary to scapular metastasis of RCC and sustain-
ably controlled with scapular lesion-focused radiotherapy 
and a combination of axitinib plus pembrolizumab. Dop-
pler US was useful for diagnosis and assessing the treat-
ment’s effectiveness.
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